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Introduction
Photoionization (PI) cross sections are very important in many fields, such as astrophysical modelings for opacities, modelling of laboratory, astrophysical plasmas, fusion plasmas, spectral analysis, ionization balance, recombination cascade matrix, etc. On the other hand, the studies of the Auger spectra of the doubly-excited states play an important role in understanding the collision mechanism and atomic structure, and are also helpful in plasmas diagnostics.
Due to the photoionization of the Be-like ions offers an opportunity to study electron correlation of the simplest multishell atom and ions, a large number of studies such as PI cross sections, energies and widths of doubly-excited states and oscillator strengths for the beryllium isoelectronic sequence have been made in the past few decades[1-8].
For example, in the 1990s, Berrington et al. [9] had studied the PI cross section of Be isoelectronic sequence using R-matix and obtained a rough figure of PI cross section for N IV. Subsequently, the autoionization of the states of manifolds 1s 2 3l3l and 1s 2 3l4l in N 3+ were studied experimentally and theoretically by Kitazaway et al. [11] . In addition, basing on the Breit-Pauli R-matrix method Garcìa et al.
[10] investigated the high-energy photoabsorption cross sections for nitrogen ions in the K-edge region, and obtained the K-vacancy level energies, wavelengths, Einstein A-coefficients, radiative and Auger widths of N IV. Recently, Li et al. [12] have studied the relativistic energies, radiative and Auger rates of the high-lying doubly-excited 1s [4] by means of the complex-scaled multireference configuration interaction method. However, to our knowledge, there is not any detailed study on the photoionization cross sections of N IV. In the present work, basing on the R-matrix, QB and Breit-Pauli relativistic distorted-wave methods, we have calculated the K-shell photoionization cross-sections (length gauges) from the ground state, resonance energies and widths for eighteen Rydberg series of N IV.
Theory
The R-matrix approach [16-18] is a highly sophisticated and useful method in atomic physics. The basic atomic theory relevant to the R-matrix approximation was given in Refs. [15, 18] and the detailed description of the computer codes was given in Ref.
[17]. Here we only present a brief outline of the theory relevant to the calculation of photoionization cross sections.
The (N+1)-electron wavefunction in the internal region is given by Ref. [18] 
（2）
The parameters ijk c and jk d may be calculated by diagonalizing the (N+1)-electron
Hamiltonian within the inner region of the R-matrix box. By enforcing continuity at the boundary, then we can get the wavefunctions in both regions with the R-matrix as a connection between the parts. The total PI cross section in atomic unit is given by
Here α is the fine-structure constant 
where the summation runs over all the continuum states that are dipole allowed with respect to the initial state j. The QB method [14] is adopted in this work to determine the resonance energies and widths. The QB method works in the R-matrix environment, and the reactance matrix K is computed by 
The sum over all channels gives the eigenphase sum δ which represents the resonance behavior of PI cross section. The resonance position is computed by the energy of the maximum gradient 
Results and discussion
In order to analyze evidently the resonance structures, we employ the LS-coupling form. For the beryllium-like N IV, the thirteen lowest LS-coupling target states of ion N V are used. In the present investigation we considered the photon energy region from 5.69 Ry to 41.2Ry.
The photoionization process is shown as follow: In order to obtain the orbital wave-function of the target ion N V for R-matrix, the AUTOSTRUCTURE (AS) [15] of distorted-wave method is employed, and the total ten orbital wave-functions 1s, 2s, 2p, 3s, 3p, 3d, 4s, 4p, 4d and 4f of N V are calculated by using and optimizing the thirty-four energy states of the thirteen configurations for N V 1s 2 nl (n=2-4 and l=0-3)， 1s2p 2 ， 1s2s2p， 1s2p 2 and 1s2s3s. These calculated target state energies are listed in Table   1 . From Table 1 , we can see that our results are excellently well in accordance with the existing experiments and theoretical results. Simultaneously, the calculated results also show that the obtained orbits wave-functions are reasonable. The radius of R-matrix box is chosen to be 14.34113 a.u. to contain all bound orbitals, where 30 continuum orbitals for each channel are included. In order to ensure that all the resonance structures are properly delineated in PI cross sections, we adopted the 50000 energy mesh points, and the energy increment is 0.000001 Ry in the calculations. Though the calculated energies listed in Table 1 P series, the effective quantum number is greater than the main quantum number in table 2, this is because the double excited electron 2p and nd electron have a greater interaction, resulting in d-electron orbit is not through in the core and slightly greater than the normal orbit. A similar situation appears in Table 5 (1s   2   3d 2 D nf 1 P), Table 7 (1s2s2p( 3 P) 2 P nd 1 P) and Table 9(1s2p   2 2 D nf 1 P). The quantum defect is less than the whole series such as 1s 2 3s 2 S 6p 1 P in Table 3 , which indicates that the state is disturbed by the energy states of other series. Similar situations can occur in each series. Table 3 . As shown in Table 3 ours results are in well accord with the experimental and theoretical values. a----Ref. Figures 5 and 6 show the PI cross-section from 1s2s 2 2 S to the ionization threshold 1s2s2p( Figure 6 respectively. The energy levels and quantum defect of resonance state for 1s2s2p 2 P ns 1 P and 1s2s2p 2 P nd 1 P series calculated by QB method are listed in Table 7 and Table 8 . The PI cross sections from ionization threshold 1s2s2p( The PI cross sections for photon energy from 38.1 Ry to the ionization threshold 1s2s( 1 S)3s 2 S are shown in Figure 9 which corresponds to the 1s2s( 3 S)3s 2 S np 1 P and 1s2s( 1 S)3s 2 S np 1 P series, respectively, and the corresponding energy levels and quantum defect are listed in Table  11 . When n=3-6, the PI cross sections of 1s2s( 3 S)3s 2 S np 1 P and 1s2s( 1 S)3s 
Conclusions
Ab initio calculations of PI cross sections have been carried out using the Breit-Pauli R-matrix method in the LS-coupling approximation combined with the relativistic distored-wave method and QB method. In present work, we calculated the PI cross sections of N IVfor ejection of two 2s or ejection of a 1s and a 2s electrons from the ground state 1s 
